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PREFACE

Management Consulting &Res'earch,.Inc. (MCR) .has been

'.. "analyzing weapon system costs and cost growth problems for

some time. This report documents the results of work per-

formed for the Director, Cost:& Economic Analysis, 'Office

of the Assistant Secretary.of"Defhr~se (Prog-ramr Analysis .& .

"Evaluation), titled "Analysis of DoD Weapon System Cost
_j[ Growth Using Selected Acquisition Reports," Contract Number

MDA903-81-M-3057.

For this analysis the Selected Acquisition Reports (SARs)

as of 31 December 1980 were used as the data base. A prelJm-

inary analysis of the 30 September 1980 SARs was also devel-

oped, but is not included in this report.
The report consists of a main "briefing" section, plus

"back-up charts" in an Appendix including raw data and re-

sults from MCR's Selected Acquisition Report Analysis Model

(SARAM). The Appendix also includes a brief analysis of the

$50B SAR Quarterly Growth (September-December 1980), the

largest in history. In addition tables are presented which

note the difference between the .DSARC II date (assumed here-

in) and the approved DCP dates (assumed by OASD-Comptroller).
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INTRODUCTION

The Office of the Secretary of Defense uses performance

measurement systems to evaluate major contract status in terms

.y of cost, schedule and technical accomplishments. One of the key

documents which provides summary level information is the

Selected Acquisition Report (SAR) sent quarterly to Congress.

The analysis reported here is as of December 1980, with A

55 weapon systems being reported. Data was used as reported

in the SAR. There are in several instances problems with

(1) data validity, (2) escalation adjustments, or (3) quantity

change calculations. Recent uhanges in the SAR process (as

noted in DoD Guide 7000.3, "Preparation and Review of Selected

Acquisition Reports," May 1980) are now being implemented to

correct these deficiencies. Older programs, however, cannot be

totally corrected instantaneously.

Clearly the importance of correct a-,d sufficient data can

not be over emphasized, as the validity of any analysis is
jeopardized by the absence of these qualities. However, even

wit i the data as reported, the major conclusion is that analy-

sis of SARs is worthwhile as a general indicator of weapon system
cost status.

The computer outputs were generated by the Selected
Acquisition Report Analysis Model (SARAM) develo-ed by Management

Consulting & Research, Inc. (MCR), Falls Church, Virginia,
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THE SELECTED ACQUIsIrION REPORTS (SARs) ARE 1

STANDARD, COMPREHENSIVE, SUMMARY STATUS REPORTS

PREPARED ON A QUARTERLY BASIS FOR EACH "MAJOR" I

WEAPON SYSTEM$

A SAR CONTAINS THE FOLLOWING INFORMATION:

6 PROGRAM SUMMARY

* OPERATIONAL/TECHNICAL CHARACTERISTICS

0 SCHEDULE MILESTONES

* ACQUISITION COST

0 CONTRACTOR COST
* VARIANCE ANALYSES

* BUDGET YEAR AND OUT YEAR PROGRAMS

* COST QUANTITY CURVES,

THE SAR THUS PROVIDES A CONSISTENT, QUARTERLY

SUMMARY OF THE STATUS OF EACH MAJOR ACQUISITION

PROGRAM WITH PROGRAM COST AND CHANGES IN COST BEING

A LARGE PORTION OF THE PRESENTED INFORMA-1ION, MOST

OF THE SARs ARE CURRENTLY TRANSMITTED TO THE CONGRESS

AT THEIR REQUEST$



SELECTED ACQUISITION REPORTS (SARs)

0 STANDARD, COMPREHENSIVE, SUMMARY STATUS REPORT

ON MAJOR DoD ACQUISITION SYSTEMS

INITIATED - FALL 1967
- REQUESTED BY SASC - APRIL 1969

LEGALLY REQUIRED BY PL 94-106 - 1975
(FY76 APPROPRIATIONS BILL)

* "MAJOR" SYSTEMS DEFINITION FORMALIZED BY
PL 96-107 - NOVEMBER 1979
- $75M RDT&E

- $300M PROCUPEMENT (INVESTMENT)
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•i A TYPICAL WEAPON SYSTEM PROGRAM UNDERGOES COST

[:I GROWTH RELATED TO PROGRAM MILESTONES. A PLANNING
- .-. ESTIMATE (PE) IS DEVELOPED AT THE TIME THE SECRETARY

! ~OF DEFENSE APPROVES PROGRAM INITIATIMN MILESTONE I

i (ADVANCED DEVELOPMENT) IS CONSIDERED AS PROGRAM

•,INITIATION FOR,ýSAR'.PURPOSES. A DEVELOPMENT ESTIMATE

.. (DE) IS MADE AT THE TIME FULL-SCALE ENGINEERING DEVEL-
SOPMENT IS INITIATED, CALLEDMILESTONE II. THE DE

SSERVES AS THE BASELINE TO WHICH ALL PROGRAM CHANGES

•1 ARE THEN COMPARED. THE MAJORITY OF THE PROGRAM COST
GROWTH IS OBSERVED TYPICALLY IN THE TIME PERIOD AFTER

•i MILESTONE Il AND PRIOR TO MILESTONE III, APPROVAL FOR
PRODUCTIONH PROGRAM COST GROWTH TYPICALLY CONTINUES

IN THE PRODUCTION PHASEj ALTHOUGH AT A MUCH LOWER RATEA

BECAUSE OF THE "MATURING" OF PROGRAMS OVER TIMEO

IT IS BENEFICIAL TO SEPARATE COST GROWTH INTO TWO

:'! t

INTATEOION CORRESAPUPONDN0SSESMS AN DEVELOPMENTETMT

OR(DE) IS MADE A TENTIM ULSAEEGNEIGDVL

OPETI'NTAECLE IETN II THE DEI



TYPICAL PROGRAM CYCLE

% COST GROWTH

PE DE CED CE~

TIME IN MONTHS AFTER DE

PE -PLANNING ESTIMATE
DE - DEVELOPMENT EST[MATE
CED- CURRENT ESTIMATE (FOR SYSTEMS IN DEVELOPMENT)
CE- CU'RRENT ESTIMATE (FOR SYSTEMS IN PROCUREMENT)
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THE MAGNITUDE OF COST GROWTH WILL VARY WITH THE

DEFINITION USED FOR COST GROWTH, THERE ARE CURRENTLY
THREE VIEWS ON COST GROWTH: ii--i

* CURRENT "THEN-YEAR" DOLLARS - THIS VIEW IS
IMPORTANT IN TERMS OF MEASURING BUDEIl
iEFEETI SINCE IT INCLUDES ALL PROGRAM
CHANGES AND INFLATION, A PROGRAM CAN
SHOW COST GROWTH DUE ONLY TO INFLATION
SINCE ESCALATION RATES USED IN DEVELOPING
THE CURRENT OUT-YEAR BUDGETS ARE LIKELY TO
BE DIFFERENT FROM THE RATES USED FOR THE
DEVELOPMENT ESTIMATE, SCHEDULE SLIPPAGE
CAN ALSO CAUSE SIGNIFICANT GROWTH ATTRIBUT-
ABL2 ONLY TO INFLATION.

0 CONSTANT "BASE-YEAR" DOLLARS - THIS VIEW
IS IMPORTANT IN MEASURING E.Q.BAM MAaj-
!l a EFFECTS. COST GROWTH DUE TO INFLATION
IS NOT INCLUDED,

I QUANTITY ADJUSTMENT - THIS VIEW IS IMPORTANT
TO ACCURATELY COMPARE THE DEVELOPMENT ESTI-
MATE (DE) TO THE CURRENT ESTIMATE (CE). THE
ADJUSTMENT IS MADE IN BASE-YEAR DOLLARS TO
EXCLUDE THE GROWTH DUE TO INFLATION, IN
ADDITION THE DE BASELINE IS ADJUSTED TO RE-
FLECT THE QUANTITY CHANGE IN BASE-YEAR
DOLLARS, THE ADJUSTED DE GIVES THE COST THAT
WOULD HAVE BEEN ESTIMATED AT MILESTONE II FOR
THE .UR JT QUANTITY.
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A

i COST MAGNITUDE

S THREE VIEWS ON "COST GROWTH"

I CURRENT "THEN-YEAR" DOLLARS: IMPORTANT
IN MEASURING Bu]GET EFFECTS (INFLATION IMPACT)

* CONSTANT "BASE-YEAR" DOLLARS: IMPORTANT

IN MEASURING PROGRAM MANAGEMENT EFFECTS

0 QUANTITY ADJUSTMENT: IMPORTANT IN ACCURATELY
COMPARING DEVELOPMENT ESTIMATE (DE) TO

CURRENT ESTIMATE (CE)

'I



THE E-2C PROGRAM COST HISTORY IS PRESENTED AS AN -A

EXAMPLE CF THE TYPES OF COST GROWTH, THE COSTS SHOWN
REFLECT THE DECEMBER SAR OF EACH YEAR, THE CURRENT
ESTIMATE (THEN YEAR $) LINE SHOWS THAI THE TOTAL PRO-
GRAM COSTS CONTINUE TO INCREASE. THIS IS THE COST
GROWTH THE CONGRESS TENDS TO POINT TO AS A BUDGET
EFFECT. THE "TRUE" COST GROWTH REGION REPRESENTS
BASE-YEAR DOLLAR GROWTH DUE TO ALL PROGRAM CHANGES
EXCEPT QUANTITY. "TRUE" COST GROWTH HAS REMAINED
ESSENTIALLY CONSTANT FOR THE LAST 4 YEARS, A LARGE

PORTION OF THE PROGRAM GROWTH IS DUE TO REPORTED QUAN-
TITY CHANGES (BASE YEAR $), HERE THE TOTAL QUANTITY

LI PROCURED HAS INCREASED. THE FIGURE ILLUSTRATES THE

NEED TO MAKE THE QUANTITY ADJUSTMENT WHEN CALCULATING

COST GROWTH, THE NEXT REGION IS COST GROWTH DUE TO
CHANGES IN ESCALATION RATES, WHIC..H IS CALLED ECONOMIC

ESCALATION IN THE SARs, THE LARGEST CATEGORY FOR

PROGRAM COST GROWTH IS PROGRAM CHANGE RELATED-ESCALA-
TION. THIS CATEGORY INCLUDES THE ESCALATION (ORý
INFLATION) ASSOCIATED WITH ALL PROGRAM CHANGES,
(QUANTITY, SCHEUDLE, ESTIMATING, ENGINEERING, OR

OTHERS). AFTER REMOVING THE VARIOUS COST CHANGES

FROM THE CURRENT ESTIMATE (THEN YEAR $), THE DEVELOP-
MENT ESTIMATE (THEN YEAR $) REMAINS, THE DIFFERENCE

BETWEEN THE DE IN THEN YEAR $ AND THE DE IN BASE YEAR
$ WAS THE PRE-PLANNED INFLATION INCLUDED IN THE DE,

COST GROWTH FIGURES FOR THE THREE VIEWS ARE:
I CURRENT "THEN YEAR" DOLLARS - 542,5%
0 CONSTANT "BASE YEAR" DOLLARS - 242.7%
I QUANTITY ADJUSTMENT "TRUE" COST

GROWTH - 36.3%
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"E-2C PROGRAM COST HISTORY I

3.5

3.0 1

S4 4o0

2.5-
ot r

( Reported E onomic
.- " Quantity Change E Economic

Current Estimate (Base Year $) ,
Ln (Then Year $)

S2.0-/ />

22.:Program Change

Related Escalation

1.0

DEVELOPMENT ESTIMATE (Then Year

DEVELOPMENT ESTIMATE (Base Year $)

o 0 ... m I I . . .. I I I

12/72 12/73 12/74 12/75 12/76 12/77 12/78 12/79 12/80

TIME

L _0



0- C0 ]
CD W DQ w -

LUzco oz CD ....=w

co Ii I-- u.D LU) Ix 064 1-

X~O N w . Ww

0 x _j - m x0 I- 0 O cLL. m O

- U F- - .J W-4 W~ 0 0 0 ( V
U- ~ L -cc< =ix Li- V)- U0) Z - - r

C.w ce.J&. W-~ 3cO~ ' L) w< w
x p <- I--J WWU) w- " CD w 2: n w

m 0I-Z W b'- fq, zo l w -LU
Co w1 OW0>w UF

0J LuI>i U)W 4 x

0.wz cc -> LL <ck w w <,-ocw

Ico W -0 COo< 0 x>
0 2:C/)i U. U LU F-->l- U-

Sw X I-- W 0 Co -_3 .1 L

W ~ ~ ~ ~ Z ix C7 m- =-ý<z )W

w ~~ ~ ~ ~ C)I- (D 0 QD

CO 0 ) O

bra LUW nC 00 U ZF-
Uo- WU) LU LL. co 0ci )i

zlC~ w U jI LU I ~/
0 I-- < x- U F~- - zJO.JW-<
W.Ll F-LJC 0 0z zO w3 wQ U

w 0-l Co <-n 0 Co Z

M~ u 0LO Z0WLDU- .- O I D W 2- Z <-~ I-r w -H ca
0 C/) < UXU Co -''~ 0C 4A. LI-WIX

ix w0wW 0I--JM0 0 1= 0 0 w
<--- ww w w p U- w z w -

(j L. n % F-o M~0ON~# Z.Do F.W - -.

mLF LU ) LU LU F P 0 W

zI-) nz =D = 0 A 0U

C-o LL I- - -0 )3:<WH

w o0mF u

Cl -2L U L -r wI -W W z 0 -



C%4 U'%

"" oII Cýco 00 00 a)1 a2

'4i C'

00

R I 00

co WUU0  I.- i-

000

II > --a
'4 64 *~II oc - r

crLO
LLj % d = (D-

LD J = Zw 000K~C 00 c)
Lu C: w 40). -69- L

CO LO tH r1 g r
CD 0-

r-- LU
I 14

u-~ ~ ~ -:C - -



w% 0

LU U)

ct 0 Ix C.

LU LU z

1~ LU7'U

> LU 1

0w) U U.. C.

(D CU. p U.
z )-

00

LU U) z
LU x < 4
m U~ 0

CD Un C..

Z U) u -M
>-0 o::

0 >LL..n

z C14 z
LU M w

LU 0 ) U)
w LII

w 1- LUoL
(n > 1LU 0 -%

>- U) -

LU Ij LU w~

Qn LU:Q
w o

I-i 
A



C-J c%% (4 00a)(- C C7

-u iF - J-,ý a

C-- r-- Pn C- t- . O) C

clza L-C: r-. 0000

w C~)LLJ

F--

r_ Nc NNE% 00 0
CC

0
OWC=)

Cl )c -- I rIc 1 04

CFD C6oZw-ýC6 6U
3- L.) - .

Fj w

Co - I-- Lf

CC) r. 0 a

LLC)
0 U. 0 F

0 ''U 
aL



THE CONSTANT DOLLAR COST GROWTH ADJUSTED FOR

QUANTITY FOR THE 55 SYSTEMS CAN BE SUMMARIZED AS

SHOWN. THE 55 SYSTEMS ARE GROUPED ACCORDING TO
ACQUISITION PHASE AND SERIVCE. THERE IS LITTLE

DIFFERENCE BETWEEN THE PERCENTAGES FOR THE ACQUISI-

TION PHASES. THE COST GROWTH FOR SYSTEMS IN PROCURE-I
MENT IS THE CUMULATIVE GROWTH BETWEEN THE CURRENTjI ESTIMATE AND THE DEVELOPMENT ESTIMATE, IT THUS IN-

LI CLUDES THE LARGE COST GROWTH TYPICALLY OBSERVED

PRIOR TO MILESTONE III APPROVAL FOR PRODUCTION, AS

* WELL AS THE USUALLY SMALLER GROWTH FOR SYSTEMS WHICH

OCCURS AFTER MILESTONE III'. IT IS LIKELY THAT THE

CURREN'T DEVELOPMENT SYSTEMS WILL EXHIBIT CONTINUED

COST GROWTH. THE PROBLEM OF WEAPON SYSTEM "AFFORD-

]~, ABILITY" MAY NOT BE DIMINISHING.

IN FACT, THE HIGH GRL'WTH CURRENTLY ESTIMATED FOR

THE 19 SYSTEMS STILL IN DEVELOPMENT MAY BE A BAD SIGNI

IF THE TYPICAL PROGRAM CYCLE SHOWN EARLIER HOLDS TRuE,

THE DIFFERENCE BETWEEN 30 SEPTEMBER 1980 ESTIMATES

(12.4% GROWTH) AND 31 DECEMBER 1.980 ESTIMATES (23%

GROWTH) IS DESCRIBED IN THE APPENDIX.



REAL, COST GROWTH BY ACQUISITION PHASE
AND BY SERVICE

(31 DECEMBER 1980, BASE YEAR,
DE ADJUSTED FOR QUANTITY)

ACQUISITION
TOTAL PHASE!' SERV ICE

40"
35.2/0

30
25.4% 25.9% 2:= 23,.0% 23 % 22.9% -.

20OH -I- I

w w
0I -

100

z .- 4

. , ,- '

Ln 0" L.

LA) iI- v-I (,-N

COST GROWTH IN PROCUREMENT IS CUMULATIVE, INCLUDING COST

GROWTH IN DEVELOPMENT

!.!f



INDIVIDUAL HIGH COST GROWTH SYSTEMS STILL IN

DEVELOPMENT (TWO PER SERVICE) ARE COMPARED TO THE

TOTALJ ACQUISITION PHAS'E, ,AND SERVICE COST GROWTH i

PERCENTAGES. SINCE THESE SIX SYSTEMS STILL IN

DEVELOPMENT ARE ALREADY ESTIMATED AS HAVING COST

GROWTH MORE THAN TWICE THE AVERAGEo THEY SHOULD BE

l WATCHED CLOSELY$

II

!-

If

g4

ii i i iI III - • ... .... .. . .i



HIGH COST GROWTH
DEVELOPMENT SYSTEMS

(BASE YEAR $, DE ADJUSTED
*i FOR QUANTITY)

!i .i

% GROWTH
, 220

200
S180 ACQUISITION
160 TOTAL PHASE SERVICE ->

140

120 , , .: v
100 .-1 36

> LLJ (n80 - La-- ct: .. .M-CCo, 8 9 54.0% 51 .1%
60 < e- =" uko , 43.5%

40 L 35.2%
25.4% 23.0% 25.9% 23,9% 22.9%20 nl~ iuCF JJLJtlJL
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HIGH COST GROWTH
PROCUREMENT SYSTEMS

(BASE YEAR $, DE ADJUSTED
FOR QUANTITY) J,

Lii

% GROWTH

220 ACQUISITION 211.7%
200 TOTAL PHASE SERVICE ,.,

1 8 0 - o_ L i..

U..

160 LI. "
142.1%

120
12 ,. u 104.5%i00 0=''"' -

> o • :2 87.7% u. ,- -".LU- e 0 g o'

"80 " 65.8%

20 ,n- -

]n •~ to

40 25.4% 23.0% 25.9% 239%22.9% 0 DI
21 1111 CDIII
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INDIVIDUAL PROGRAM PERCENT COST GROWTH IS

PLOTTED AGAINST #AGEn OF THE SYSTEM MEASURED IN

YEARS SINCE DEVELOPMENT ESTIMATE. WE'VE USED THE ;

DSARC I I DATE AS THE DE TIME. SOME REPRESENTATIVE'..

i

PROGRAMS ARE IDENTIFIED AND THE DISTINCTION IS MADE

BETWEEN DEVELOPMENT AND PROCUREMENT PROGRAMS, AN

ANNUAL GR^'-,,!TH RATE OF 3.9% IS COMPUTED FOR THE 55
SAR PROGRAS. A CHART AND SEVERAL TABLES IN THE

APPENDIX SHOW MORE DETAIL BY SERVICEP

NJ
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* AS OF 31 DECEMBER 1980 (BASE YEAR $,
DE ADJUSTED FOR QUANTITY)

125
FVS(MICV) I x CAPTOR

142.1 211.7

-II
0Development

R D Procurement' ~ROLAND I

100 SOTAS o
3.9% Annual

Growth
x Rate

5- PHM

~ EF-1i1A x x STINGER

He E-4*Ww PHOENIX
GLCM * 0HELLFIRE"LUzS

U 50 XM-I i
Cd

F-18 K

T."OMAHAWK* *TACFIRE
''A

25 HARM(N)e xx x X F-14
!:;' x X E-3A

:--!•x X UH-60A (BLACKHAWK)

x TRIDENTVx

r' , / • PLSS

IIXMLRS
X SSN-688

x AIM-9M

-15 , , 20

0 5 10 15
YEARS SINCE DEVELOPMENT ESTIMATE
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A HISTORY OF ANNUAL GROWTH RATES FOR THE SAR
SYSTEMS IS SHOWN, FROM 1972, THE YEAR THE COST

ANALYSIS IMPROVEMENT GROUP (CAIG) WAS FORMED, UNTIL

1975 MAJOR REDUCTIONS IN ANNUALIZED COST GROWTH WERE

ACHIEVED. THESE DATA WERE IN THEN YEAR DOLLARS BE-

CAUSE THE BASE YEAR DOLLAR REPORTING REQUIREMENT WAS
NOT INITIATED UNTIL 1975, THE MARCH 1975 AND DECEMBER

1980 FIGURES ARE BASE YEAR DOLLARS ADJUSTED FOR QUAN-

TITY. THE COST GROWTH FIGURES FOR MARCH 1975 (3,7%)

AND DECEMBER 1980 (3.9%) ARE ROUGHLY EQUIVALENT GIVEN

THE STATISTICAL UNCERTAINTY OF THE ESTIMATING PROCESS.

.. .4. .. .
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HiSTORY OF ANNUALIZED SAR PROGRAM

GROWTH RATES (46 SARs-DEC 72,
53 SARs-JUNE 74, 50 SARs-MAR 75,

55 SARs-DEC 80)

100

90
Dec 72 (6.4%)

70 I
June 74 (5.2%)

*1 m Ma,, 75 (4::.4%).

(3.9%)
C-) Mar 75 "Base-Yr'

0~ 40(3.7%)

30

20

j0

0
0 2 4 6 83 10 1

AGE IN YEARS AFTER DEVELOPMENT ESTIMATEj

° !I
,r,
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ANNUAL GROWTH RATES FOR EACH SERVICE AND BY

ACQUISITION''PHASE ARE PRESENTED. THE ARMY SHOWS

A LOWER GROWTH RATE FOR SYSTEMS IN DEVELOPMENT AND

A HIGHER GROWTH RATE FOR SYSTEMS IN PROCUREMENT WHEN

HCOMPARED TO THE OTHER SERVICE FIGURES. THE AIR FORCE

SHOWS THE. LOWEST RATE FOR SYSTEMS IN PROCUREMENT AND

ROUGHLY THE SAME RATE AS THE ALL SERVICE FIGURES FOR

DEVELOPMENT AND IN TOTAL. THE NAVY SHOWS A MUCH

HIGHER RATE FOR PROGRAMS IN DEVELOPMENT AND ROUGHLY

THE SAME RATES FOR THE OTHER TWO CATEGORIES. GIVEN

THE NUMBER OF SYSTEMS THE NAVY DEVELOPMENT COST

GROWTH RATE IS SOMEWHAT ALARMING.



PER CENT ANNUAL GROWTH RATES
AS OF 12/80 (NUMBER OF SYSTEMS)

SERVICE DEVELOPMENT PROCUREMENT TOTAL

ARMY (6) 3.7 (11) 4.8 (17) 4.5

AIR FORCE (7) 5,0 (8) 3.1 (15) 3.6

NAVY (6) 7.8 (17) 3.5 (23) 3.8

ALL (19) 4,9 (36) 3.8 (55) 3.9

IAm
SI-

I



COST GROWTH FIGURES FOR SYSTEMS FOR THE PERIOD

DECEMBER 1976 To DECEMBER 1980 ARE SHOWN. THE ARMY

SHOWS AN AVERAGE (AGGREGATE) PERCENT GROWTH OF31%

FOR NINE SYSTEMS. THIS 31.1% OVERALL GROWTH IS THE
EQUIVALENT OF A 7.0% ANNUALIZED GROWTH RATE. THE AIR

ARMY FIGURES, BUT THE MIX OF TYPES OF SYSTEMS IS CLEARLY

DIFFERENT FOR THE THREE SERVICES.



COST GROWTH- 12/76 TO 12/80 SUMMARY

AVE7f'.GE
% GROWTH ANNUALIZED

SERVICE SYSTEMS OVER PERIOD % GROWTH

ARAY 9 31,1 7,0

AIR FORCE 7 14,2 -3.4

NAVY 11 12.2 2.9

ALL 27 19.0 4.4

I ýi
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THE COST GROWTH STATUS OF THE NINE ARMY SYSTEMS

IS DISPLAYED, MOST SYSTEMS MADE THE TRANSITION FROMj

DEVELOPMENT TO PROCUREMENT IN THIS TIME PERIOD. MOST

SYSTEMS ALSO SHOW CONSIDERABLE COST GROWTH FOR THE I
PERIOD$ -i I



COST GROWTH - 12/76 TO 12/80
(BASE YEAR $, DE ADJUSTED

FOR QUANTITY) I

(142.1) I;

125 9 Army Systems

31.1% Average Growth

7.0% Annual Rate

S Development

100 x Procurement

FVS(MICV)

ROLAND 1

50

+M-198

XM- 1

D..

25 AH-64
AH

PATRIOT
CLGP

0-

HELLFIREI H I 7 uH-60A (BLACKHAWK)

-15

0 5 10 15 20

YEARS SINCE DEVELOPMENT ESTIMATE
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THE COST GROWTH STATUS OF THE SEVEN AIR FORCE

SYSTEMS IS DISPLAYED. SEVERAL SYSTEMS EXHIBIT ONLY

NOMINAL COST GROWTH FOR THE PERIOD, NOTE THAT THE

A-10, F-15, AND E-3A WERE IN PROCUREMENT DURING

THIS FOUR-YEAR PERIOD.

At

|.

I



COST GROWTH- 12/76 TO 12/80
(BASE YEAR $ DE ADJUSTED

FOR QUANTITY)

125

7 Air Force Systems

14.2% Average Growth
3.4% Annual Rate
S Development

100- Procurement

75

I~Uj

LL

M 50

E-4

!'IktI
25 

F 1

A-10 i
H F-

EF-111A E-3A

MAVERICK

0 5 10 15 20

YEARS SINCE DEVELOPMENT ESTIMATE
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THE COST GROWTH STATUS FOR THE ELEVEN NAVY SYSTEMS

IS DISPLAYED, MOST SYSTEMS EXHIBIT NOMINAL COST GROWTH

OR REDUCTIONS IN COST GROWTH OVER THE PERIOD. MOST OF

THESE PROGRAMS WERE IN PROCUREMENT DURING THE PERIOD.



COST GROWTH - 12/76 TO 12/80
(BASE YEAR $, DE ADJUSTED

FOR QUANTITY)

125

11 Navy Systems

12.2% Average Growth

2.9% Annual Rate

100 - Development

M Procurement

PHM

I- 75

0UQwL SURTASS

50

SPHOENIX

FFG-7

25 -d P3C

HARPOON

SSN- 688
N 0

F-18

-15
0 5 10 15 20

YEARS SINCE DEVELOPMENT ESTIMATE
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.. I,) DIVIDED INTO TOTAL ESCALATION AND BASE-YEAR

DOL.LAR CHANGES, ESCALATION ACCOUNTS FOR ALMOST

• ~THREE-QUARTERS OF THE TOTAL COST GROWTH,

I

II



COST GROWTH BY CATEGORY
i• - ALL SERVICES

(ESCALATION vs BASE YEAR)

ii

i I

i-

. A-TOTAL ESCALATION = 3.9%

B-BASE YEAR DOLLAR CHANGES = 26.1M.

TOTAL = 100.0m

It, i
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THE TOTAL ESCALATION IS DIVIDED INTO ECONOMIC

ESCALATION AND PROGRAM CHANGE RELATED ESCALATION,

ECONOMIC ESCALATION, OR ESCALATION DUE TO INCREASED

INFLATION RATES, USED IN PREPARING THE CURRENT ESTI-

MATES ACCOUNTS FOR 26.9% OF THE TOTAL COST GROWTH,

THE PROGRAM CHANGE RELATED ESCALATION OF 47.0% IS

THE INFLATIONARY IMPACT OF THE BASE-YEAR DOLLAR

CHANGES MADE TO PROGRAMS (E.G., DUE TO QUANTITY,

SCHEDULE, ENGINEERING, SUPPORT, OR ESTIMATING CHANGES),

I

I!
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COST GROWTH BY CATEGORY
- ALL SERVICES

(TYPES OF ESCALATION)

l1

,1

4

A-ECONOMIC ESCALATION 26.9%

B-PROGRAM CHANGE RELATED ESC = 47.0%

C-BASE YEAR DOLLAR CHANGES = 26.

TOTAL 1 00.0%.

h________ ___



THE BASE-YEAR 
DOLLAR CHANGES 

ARE DIVIDED 
INTO 

.

F-•---
THE-- VARIANC CAT________ USE INTES ORPR

PR G A 
C A G 

S QUANT ITY CHANGES 
ACCOUNT 

FOR

• ! 

9.4% 
OF THE TOTAL 

GROWTH; 
ENG INEER ING, 2.5%;

•.iSUPPORT, 

3.0%; 
SCHEDULE, 

3.9%; 
AND EST IMAT ING AND!

wI 

O T H E R , 7.3 % O F T H E T O T A L C O S T G R O W T H , T H I S M A Y B E 
'

,• 
~SURPRISING 

TO MANY SINCE 
WE OFTEN 

BLAME 
"ENGINEERING 

:

! 

CHANGE 
PROPOSALS 

(ECPs)" 
FOR MUCH OF COST GROWTH.

-
d

~~rI

.I



COST GROWTH BY CATEGORYALL SERVICES (INCLUDING BREAKOUT OF

BASE YEAR DOLLAR CHANGES) 
-

fii

V 
II

p •

4� A-ECONOMIC ESCALATION - 26,9x %
B-PROGRAM CHANGE RELATED ESC 47T.•0%
C-QUANTITY 9.4%
D-ENG INEER ING 2.5%
E-SUPPORT

F-SCHEDULE 3.9.,4

G-ESTIMATING AND OTHER = 7.3x
TOTAL =10. ox
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THE 26.1% OF TOTAL COST GROWTH DUE TO BASE-YEAR

DOLLAR CHANGES IS CONSIDERED HERE. OF THE CONSTANT

OR BASE-YEAR DOLLAR CHANGES, QUANTITY IS THE REASON

FOR 36.0% OF THE COST GROWTH; ENGINEERING, 9,6%;

SUPPORT, 11.5%; SCHEDULE, 14.8%; AND ESTIMATING AND

OTHER, 28,1%. WHILE QUANTITY CHANGES ACCOUNT FOR

THE LARGEST PERCENTAGE, THE HIGH ESTIMATING COST

GROWTH INDICATES THAT MANY SYSTEMS HAVE HAD THEIR

COST RAISED DUE SOLELY TO RE-USTIMATING RATHER THANI; TO ANY DIRECT PROGRAM-CHANGES. THIS MAY INDICATE

THAT POOR INITIAL ESTIMATES WERE MADE. THE APPENDIX

NOTES THAT $5,9B OUT OF $14,OB (42%) OF THE QUARTERLY

BASE-YEAR DOLLAR CHANGES (SEPTEMBER-DECEMBER) WERE

rl' DUE TO ESTIMATING ERROR.

I



COST GROWTH BY CATEGORY
- ALL SERVICES

(BASE YEAR DOLLAR CHANGES)

ii

(: A

.4-
A-Q0,UANT I TY = 36.0.'A

B-ENG I NEER ING =

C-SUPPORT = I.

D-SCHEDULE = i4.8/

E-ESTIMATING rND OTHER = 28.1i

TOTAL = 100.0

i.j



THE MAJOR CONCLUSIONS OF THIS BRIEF ANALYSIS

OF THE DECEMBER 1980 SARs ARE PRESENTED,

.I

II,.



CONCLUSIONS
"NUMBERS TO RETAIN"

II THE $318.OB FOR 55 SAR SYSTEMS IS 129.9 ABOVE THE

$138.3B BUT, THIS IS ONLY 25.4% GROWTH IN

CONSTANT "BASE YEAR" DOLLARS

I THE THREE SERVICES EXPERIENCED SUBSTANTIALLY DIFFERENT

COST GROWTH (35,2%-A, 23,9%-AF, 22.9%-N)

e THE 19 SYSTEMS STILL IN DEVELOPMENT SHOW A 23.0%
GROWTH, COMPARED TO 25,9% GROWTH CALCULATED FOR THE

36 SYSTEMS NOW IN PouREmm THIS MAY IMPLY
DEVELOPMENT COST GROWTH PROBLEM

e THE 55 SARs HAVE EXPERIENCED $169.6B IN INFLATION OF WHICH

$36.9B WAS ANTICIPATED IN THE DE. THUS $132.7B OR 74% IS
UNANTICIPATED INFLATION

0 ON AN ANNUALIZED BASIS, THE GROWTH RATE OF 3,9% is ABOUT A
THE SAME AS 5 YEARS AGO (3.7%)

* THE CONSTANT DOLLAR GROWTH (26%) IS COMPOSED OF

QUANTITY CHANGES (36%), ESTIMATING (28%),
SCHEDULE (15%), SUPPORT (11%), ENGINEERING (10%)

iU
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THIS APPENDIX CONTAINS ADDITIONAL DETAILED-

DEFINITIONS, DATA AND ANALYSIS RESULTS AS NOTED,

OF PARTICULAR INTEREST ARE THE QUARTERLY GROWTH

CHARTS, THEY NOTE THAT $50B OF COST INCREASES WAS

EXPERIENCED IN ONE QUARTER - THE LARGEST AMOUNT EVER

j! SEEN&

• .1
ii! .•I*

• :1
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BACK-UP CONTENTS

6 SAR QUARTERLY GROWTH (30 SEPTEMBER-31 DECEMBER 1980)

a DEFINITIONS

i BASE YEAR $ RESULTS

9 THEN YEAR $ RESULTS

4 COST GROWTH BY CATEGORY BY SERVICE

0 TOTAL DOLLAR COST GROWTH CHARTS

0 PER-PROGRAM AVERAGE COST GROWTH

0 E-2C PROGRAM COST HISTORY

* ANNUALIZED PROGRAM COST GROWTH CHART

0 GROWTH RATE DATA

0 ANALYSIS OF DSARC II vs DCP DATES
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SAR QUARTERLY GROWTH

(,30 SEPTEMBER 1980- ,31 DECEMBER 1980) .
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COMPARISON OF REAL COST GROWTH
BY ACQUISITION PHASE

30 SEPTEMBER 1980 TO 31 DECEMBER 1980
(DE ADJUSTED FOR QUANTITY)

% GROWTH

TOTAL DEVELOPMENT PROCUREMENT

25.4% 25.9%
23.0%

20 18.5% 19.5%

Y-0 12.4% 00

10 NC1' C CJ4

00
(0~t (0CO.CO (n
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THE QUARTERLY CHANGE WAS OVER $50B, THE LARGEST

IN SAR HISTORY. THE BASIC REASONS FOR THIS GROWTH

ARE SHOWN HERE. BY FAR THE LARGEST GROWTH IS THE

ESCALATION RELATED TO PROGRAM CHANGES. OF PARTICULAR

CONCERN IS THE CONSTANT OR BASE-YEAR DOLLAR GROWTH

DUE TO ESTIMATING/OTHER. ESTIMATING ACCOUNTS FOR

42% ($5.9B OUT OF $14.OB) OF THE BASE-YEAR DOLLAR

CHANGES,

9•
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4SAR QUARTERLY GROWTH

-( 30 SEPTEMBER 1980- 31 DECEMBER 1980)iI

. $50, 1 B GROWTH THIS QUARTER

LF

DII[J

A-ECONOMIC ESCALAT ION = $ 3.6B

B-PROGRAM CHANGE RELATED ESC = $32.5B

C-QU•NTIT'IT' $ 4.4B
D-ENGINEERING $ 1.4B

E-SUPPORT = $ i.B

F-SCHE-DULE $ 0.6B

G-ESTIMFATING/OTHER = $ 5.9B

TO TAL $50. IB



THE $5.9B OF BASE-YEAR DOLLAR ESTIMATING CHANGES

IS DUE PRINCIPALLY TO' FIVE MAJOR WEAPON SYSTEMS:

, XM-1 •Z

e FVS (MICV)
* F-18

e CG-47
* ALCM

THESE SYSTEMS NEED TO BE WATCHED CAREFULLY$ -

4-



SAR QUARTERLY GROWTH
(30 SEPTEMBER 1980- 31 DECEMBER 1980)

S $5,9B ESTIMATING GROWTH THIS QUARTER

31

A-XM~-:i. (ARMY)-r' = $i3.42.6 M

B-F',/S (M IC".) (FiRM-Y) = $ •4S .0 M.5

C-F-18 (NAVY) = $2251.6 M

D-CG-47 (NAVY) = $ 539.2 M

E-AILCM (AIR FORCE) = $ 237.3 M

F-ALL OTHERS $ 941.1 M

TOTAL = $5860.0 M
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DEFINITIONS

An analysis of cost growth in weapon systems depends on

several major considerations:

0 Whether changes in quantity are taken into account:

- SAR program values are frequently presented
(by GAO and Congress) as totals even though
procurement quantities are often changed over
10-15 year periods between the Development
Estimate and Current Estimate. We call this
"Unadjusted" cost growth. But quantity changes
should be reflected in the analysis.

- Two methods exist for making the quantity ad-
justment. The Current'Estimate can be adjustedit for cost due to quantity changes back to the
Development Estimate quantity; alterrartively,
the Development Estimate can be adjusted for
cost due to quantity up to the Current Estimate
quantity.

- The first method stabilizes the quantity at
that level used in the original Development
Estimate (DE). This is useful for tracking an
estimate over time sLnce the quantity tracked
is always that of the DE. The second method
adjusts the Develepment Estimate to the quantity
currently being considered. This latter method

* of adjustment is used by OSD, but does not allow
comparison between quarterly reports at a con-
stant quantity. For examining Then-Year costs,
only the DE adjustment was used so as to be con-
sistent with GAO and Congressional data.

0 Whether escalation has been separated out:

- SAR program estimates have been prepared (since
1975) in both Base-Year (constant) and Then-YearI;(inflated) dollars even though projecting infla-
tion over the next five years (escalation) is1<extremely uncertain. An apparently s~mall change
in Base-Year dollars (e.g., schedule slippage)
can cause a large change in Then-Year dollars
due to both Economic Escalation and Program Change
Related Escalation.



0 Whether growth is computed for all programs at the
same stage of development (acquisition phase):

- Cost tends to increase (even in constant dollars)
as a program matures. Thus, cost growth for a
set of programs still in RDT&E is probably far
less than that for a set of programs in pro-
duction. Aggregating all programs, irrespective
of age or maturity, tends to hide the full mnag-
nitude of the cost growth.

0 Whether growth is considered on a total gross dollar
basis or on a per-program average basis:

- Smaller dollar value systems tend to grow more
(on a percentage basis) than large programs.

Unless broken out on a per-program basis, the
poorer performance on the smaller programs is
hidden by the greater cost stability of the1: larger ones.

- This briefing shows cost growth aggregations both
on a total basis and on an average percent growthii per-program basis.

Cost growth in this briefing accounts for the considerationsrlabove. Particular definitions relevar~t to the discussion below j
are as follows:

0 Development Estimate - These are the estimates made
at the time the program passes Milestone 11 (DSARC II)

zand enters full scale engineering development.
0 Current Estimate - This is the December 1980 cost

estimate reported by the Project Manager. It is the
amount of the Development Estimate plus all cost
changes to the program due to various causes includ-

II ing escalation and quantity.
?____________________

9 Cost due to Quantity Chan~es - These are the costs
associated with a change in the quantity requirements
between the Development Estimate and the Current
Estimate.

0 Base-Year Dollars - This item refers to constant dol-
lars of the year in which the original Development
Estimate was made.

0 Then-Year Dollars -This term refers to current dol-
lar whch re as-Year dollars inflated to current

levels by applying the annual escalation rates.

0 Cost due to Other Program Changes - The cost encom-
passes changes due to reasons other than quantity, in-
cludling engineering, support, schedule estimating
error and "other" reasons.



0 Program Change Related Escalation - The escalation
associated with Program Changes is added to the Base-
Year costs to obtain Then-Year dollar estimates.

0 Economic Escalation - This escalation pertains to
those changes which result solely from economic con-
ditions. Many people use the term inflation to rep-resent historical price level changes, and escalation•[:

to represent those changes predicted to occur in the
future. A change in escalation rate from 6% to 8%
annually would result in an Economic cost increase
to the program.

Results below show the detailed analysis by weapon system.

Both tabular and graphic representations are used to illustrate

results in terms of:

0 "Base-Year" or constant dollar cost growth as well
as "Then-Year" or current (escalated) dollar cost
growth,

0 Individual weapon system,

* Type of system (Army, Air Force, Navy),

* Acquisition Phase (Development or Procu.:ement).

The remainder of the report contains detailed listings

of individual weapon syutem programs.

Ii
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